To investigate endocrine responses of isolated premature goat fetuses during long-term extrauterine incubation with umbilical arteriovenous extracorporeal membrane oxygenation (A-V ECMO), we conducted experiments in seven goat fetuses (95-134 days gestation). The fetuses were cannulated from the umbilical vessels, and their blood-gas exchange was totally supported by A-V ECMO, while they were maintained in an isothermal incubator containing artificial amniotic fluid. The survival period was between 84 and 190 h. At 24-h intervals, fetal blood samples were collected, and plasma concentrations of catecholamines, ACTH, and cortisol were determined. After 24 h of incubation, fetal circulatory and respiratory variables remained stable, until evident circulatory failure occurred before their deaths.
Abstract. To investigate endocrine responses of isolated premature goat fetuses during long-term extrauterine incubation with umbilical arteriovenous extracorporeal membrane oxygenation (A-V ECMO), we conducted experiments in seven goat fetuses (95-134 days gestation). The fetuses were cannulated from the umbilical vessels, and their blood-gas exchange was totally supported by A-V ECMO, while they were maintained in an isothermal incubator containing artificial amniotic fluid. The survival period was between 84 and 190 h. At 24-h intervals, fetal blood samples were collected, and plasma concentrations of catecholamines, ACTH, and cortisol were determined. After 24 h of incubation, fetal circulatory and respiratory variables remained stable, until evident circulatory failure occurred before their deaths.
A similar pattern was observed in temporal changes in plasma concentrations of catecholamines, ACTH, and cortisol. Plasma levels were high during the initial 24 h of incubation, subsequently decreased, and then increased before death. Hormone levels during stable periods were equivalent to or slightly higher than values for fetuses in utero. These results suggest that conditions during the stable period of long-term extracorporeal fetal incubation are not highly stressful for the isolated fetuses.
IN PREVIOUS reports, we described the development of an extrauterine fetal incubation (EUFI) system using arteriovenous extracorporeal membrane oxygenation (A-V ECMO) via umbilical vessels [1, 2] . We conducted experiments on longterm incubation of isolated premature goat fetuses in this system.
We maintained previable goat fe-tuses for more than a week and clarified that oxygen consumption of a fetus in EUFI was almost equal to that of a fetus in utero [3, 4] approximately 230 ml. The priming solution consisted of whole blood that was anticoagulated with heparin and balanced appropriately for pH, Na, K, and Ca. Fetal blood from the umbilical arteries drained into the arterial reservoir. The blood flow of the circuit was regulated by a flow-control system to maintain a constant blood volume in the arterial reservoir. The blood was completely oxygenated and returned to the umbilical veins via the closed reservoir and heat exchanger.
Fetal monitoring
A catheter was inserted into an internal carotid artery, and the arterial blood pressure (aBP) waveform was monitored continuously. A polygraph (No. 362, Nihondenki-Sanei Co., Ltd., Tokyo, Japan) continuously recorded the aBP and heart rate (HR), extracorporeal circulatory blood flow (ECC), and oxygen saturation of arterial blood (SaO2) that were determined by the arterial catheter waveform, electromagnetic flowmeter, and in-line saturation probe, respectively.
Blood gas tensions and pH were measured with a 170 pH/Blood Gas Analyzer (Ciba Corning Diagnostics Corp., Medfield, MA, USA). Pre-and post-oxygenated blood samples were obtained at 3 to 6-h intervals, and pH, pCO2, pO2, SaO2, and hemoglobin were measured. Preoxygenated and post-oxygenated blood oxygen content (C-O2), oxygen delivery (OD) and fetal whole body oxygen consumption (OC) were calculated according to the following formulas: flow detector-controller, (4) blood pump,(5) silicone hollow-fiber membrane oxygenator, (6) closed reservoir, (7) Mean ECC, HR, and aBP of the individual fetuses are shown in Table 2 . Mean ECC ranged from 64 to 155 ml /min/ kg. In experiment 7, the mean ECC exceeded the maximum optimal level of 130 mi/min/kg.
The mean HR ranged from 176 to 204 bpm. The HRs of the isolated goat fetuses in this series of EUFI tests were greater than those reported in studies using in-utero fetuses [7] [8] [9] [10] . The mean aBPs were between 43.8 and 50.0 mmHg, values compatible with those seen in in-utero fetuses.
Mean values for hemoglobin, SaO2, PaO2, PaCO2 and pH are also listed in Table 2 . The mean hemoglobin and PaCO2 were lower than values reported in-utero.
The mean values of SaO2 and PaO2 were slightly higher than for fetuses in-utero. The pH values were within the normal range. Metabolic acidosis was not observed in any experiment during the mid-period of EUFI. Table 2 shows mean values of OD and OC during the midperiod of EUFI in each of the seven fetuses.
The OD was more than 10 ml/min/kg in all experiments. The OC ranged from 5.5 to 7.8 ml/min/ kg. These values were at the same level that we previously reported [3] and slightly lower than the values of the fetuses in-utero.
Endocrine changes during long-term EUFI
In Figs. 2-7 , the broken lines represent data obtained from fetuses of 122 days' gestation or less (Group I), and solid lines are for fetuses of 128 days' gestation or more (Group II). Plasma concentration of norepinephrine fluctuated, and it was higher than values reported in chronically instrumented lamb fetuses (Fig. 2) [11] [12] [13] .
An initial elevation and subsequent decrease was observed in epinephrine levels (Fig. 3) , and values during the mid-period were equivalent to those reported before [11] [12] [13] . An initial rise and subsequent decline in plasma ACTH were clearly observed in all fetuses.
A moderate ACTH increase before fetal death was also observed in some cases (Fig. 4 ). Basal levels observed in the mid-period were equal to values reported in lamb fetuses [14] [15] [16] . Cortisol concentration was not so simple. A mild elevation of basal levels in the mid-period was suspected; however, the temporal profile was similar Table 1 .
Animal profiles to that of ACTH (Fig. 5) . In norepinephrine and cortisol, plasma concentration was higher, and its temporal changes were more evident in the fetuses of Group II than those of the fetuses of Group I. However, in epinephrine and ACTH, we could not find any difference by age in their profiles. [3] . Most physiological variables listed in Table 2 were comparable with fetuses in utero. A tendency for tachycardia was observed; however, aBP, PaCO2 and pH were at normal levels for fetuses. Neither metabolic acidosis nor reduced OC were observed during the mid-period of incubation; therefore, the circulatory system, including peripheral circulation, was maintained well. It was reported that the responsiveness of norepinephrine to external stimuli matures earlier than that of epinephrine [11] and that adrenocortical responsiveness is at low level during the prenatal period [17, 18] . We found high levels and transient elevations in plasma norepinephrine during EUFI, while epinephrine, ACTH, and cortisol had similar temporal profiles. Mild activation of norepinephrine indicates that the condition of the animals was not completely stable during EUFI. However, the patterns of epinephrine, ACTH, and cortisol suggest that the environment during the mid-period was tolerable for premature fetuses. Although these hormones are less sensitive to external stimuli than norepinephrine during fetal age, it was shown that strong external stimuli induce the release of these hormones even in premature fetuses [19, 20] the circulatory insufficiency that resulted in fetal death.
In this study, we obatained additional information on the responses of premature goat fetuses during EUFI experiments. The pattern of activation of stress reactive hormones indicated that external stimuli during the mid-period of EUFI were not extreme. Impairment of renal function may be associated with the deterioration and the deaths of the fetuses.
